Abstract Three coordination polymers of zinc(II) and cadmium(II) of formula {[Zn(bipy)(NIPH)] 0.1 Á5H 2 O} n (1), {[Cd 2 (bipy) 2 (NIPH) 2 ]Á2H 2 O} n (2) and {[Cd 2 (bipy) 4 (BDAC)(NO 3 )](NO 3 )Á6H 2 O} n (3) (NIPH = 5-nitro-isophthalic acid, H 2 BDAC = 1,4-benzenediacrylic acid and bipy = 2,2 0 -bipyridine) have been synthesized and structurally characterized by X-ray single crystal diffraction analysis. All the complexes display 1D coordination polymers where M(bipy) units are connected by dicarboxylate anions(and also by nitrate in 3)acting as bridging ligands. While in 1 and 3 a zig-zag chain is generated, in case of 2 a double linear chain is formed by the two crystallographic distinct Cd atoms. In solid state all the complexes expand the dimensionality to 3D by means of p-p interactions among p rings and H-bonds generated by lattice water molecules. The fluorescence study indicates intraligand p-p* charge transfer is the reason for emission in all the complexes.
Introduction
In recent years, the design and construction of metal-organic coordination polymers (MOF) have been at the forefront in the research for new functional materials with applications such as gas adsorption, magnetism, luminescence and catalysis technologies beside their fascinating variety of architectures and topologies [1] [2] [3] . In the process of synthesis for such complexes, the key factor is the rational assembly of transition metal ions and organic ligands [4, 5] . Many reports illustrate the use of aromatic dicarboxylic acids acting as organic spacers in the preparation of coordination polymers, [6] [7] [8] and the dianionic isophthalate is one of the most common among these ligands [9] [10] [11] . In fact dicarboxylate species can bridge metal cations while providing the structural integrity and the required charge balance for the formation of stable neutral crystalline frameworks. In this field 5-nitroisophthalic acid (H 2 NIPH) represents a modified organic linker where the electron-withdrawing nitro group could act as possible hydrogen bond acceptor or provide a useful variation affecting the polymer topology, being rather rarely engaged in coordination towards metals as for example in lanthanide networks of 5-nitroisophthalic acid and 1,10-phenanthroline (phen) as ancillary ligand [12] . Nevertheless, in spite of these advantages, the usefulness offered by the 5-nitroisophthalic acid as a possible linker in the assembly of MOFs is still to be exploited in detail [13] [14] [15] . Di-or multi-dentate aromatic polycarboxylates have also been used to form robust frameworks since the carboxylate functional groups can exhibit a variety of coordination modes and several groups reported the synthesis and characterization of a large number of carboxylate-bridged multidimensional architectures in the presence of nitrogen donor co/bridging neutral ligands [16] [17] [18] . Diverse structural topologies are observed in these systems, depending on the coordination environment preferences at metal ions, the geometric orientation of the carboxylate groups on the aromatic ring, and the inclusion of any dipodal nitrogen-base tethering ligands [19] . 1,4-Benzenediacrylic acid (H 2 BDAC), as a member of multi-dentate aromatic di-carboxylic acids, can exhibit different coordination modes [20, 21] and for its length can lead to cavities and interpenetrated structures. It is evident that the features of auxiliary ligands including symmetry, configurations, steric and species of substituted groups, have significant effects on the architecture dimension and properties of the MOFs produced [22] [23] [24] .
Continuing our research focused to the auxiliary liganddirected synthesis of the metal-carboxylate frameworks, in this paper, we report a series of Zn (II) 0 -bipyridyl (bipy) ligand, which was selected as auxiliary ligand, being as an excellent chelate group. The compounds have been characterized by fluorescent spectroscopy, IR spectrum and elemental analysis, as well as by single-crystal X-ray diffraction analysis. Differences in their structures and physical behaviors result from the presence of coexistent non-coordinated groups in dicarboxylate ligands.
Experimental

Materials and Instrumentation
Cadmium nitrate tetrahydrate and zinc nitrate hexahydrate were purchased from Merck. 5-nitroisophthalic acid, 1,4-phenylenediacrylic acid and 2,2 0 -bipyridyl were purchased from Sigma-Aldrich Inc. FT-IR spectra were recorded as KBr pellets from 4000-400 cm -1 with a Perkin Elmer Spectrum-100 FT-IR spectrometer. Elemental analyses (C, H, and N) were carried out on a 240°C elemental analyzer. Fluorescence spectra of the ligands and complexes were measured in the solid state at room temperature using a HITACHI F-7000 spectrofluorimeter. 
Syntheses
X-ray Diffraction Crystallography
Data collections of compounds 1-3 were carried at room temperature on a Bruker APEX-II diffractometer equipped with Mo-Ka graphite monocromatized radiation (k = 0.71073 Å ). Cell refinement, indexing and scaling of data sets was carried out using Bruker-Nonius program suite saint plus [25] and corrected for Lorentz polarization, background and absorption effects [25, 26] . The structures were solved by using direct method and subsequent Fourier analyses [27] and refined by the full-matrix least-squares method based on F 2 with all observed reflections [27] . In compound 1 a lattice water molecule at half occupancy and in 3 water molecule O 3 (w) was found disorder over two positions (occupancies of 0.6/0.4). Hydrogen atoms were placed at calculated positions with exception of those of water molecules in 1. All the calculations were performed using the WinGX System, Ver 1.80.05 [28] . Molecular graphics were performed using the ORTEP3 for Windows [29] and Diamond [30] . The crystallographic data and refinement parameters for the structures reported are given in Table 1 . [CCDC number: 1041647-1041649].
Results and Discussion
Description of Crystal Structures
The crystal structure of compound 1 reveals a zig-zag coordination running along axis c, chain built by Zn (bipy) units connected by the 5-nitro-isophthalate anions (NIPH) through the carboxylic groups. The bond length and bond angles are listed in Table 2 (  Fig. 2) .
It is worth of note the geometrical features detected in the crystal packing. In fact the N 2 bipy rings of four different 1D zig-zag chains are interdigitated to form a supramolecular 3D arrangement through p-p stacking [alternated centroid-to-centroid distance of 3.683(2) and 3.870(3) Å ]. This supramolecular architecture is further connected through hydrogen bonds involving the lattice water molecules (Fig. 3) . The structure is isomorphous and isostructural with the phenanthroline derivative, [Zn(phen)(NPH)], [31] where the inter-metallic distance was found to be just a little longer, of 9.949 Å .
In compound 2 the metal:bipy:NIPH stoichiometry ratio (1:1:1) is similar to that of 1, but due to a different coordination geometry of the cadmium atom, the 1D coordination polymer is completely different from that described above. The X-ray diffraction analysis detects two crystallographic independent cadmium ions Cd 1 and Cd 2 have a hexa and epta coordination number, respectively, of which the pertinent bond distances and angles are reported in Table 3 and the coordination sphere is sketched in Fig. 4 2 ], that lacks of lattice water molecules [32] with metals separated by a sensibly longer distance, 10.206(3) Å .
Structural Description of {[Cd 2 (bipy) 4 (BDAC)(NO 3 )](NO 3 )Á6H 2 O} n (3)
The crystal structure of compound 3 reveals a 1D zig-zag coordination chain built by Cd(bipy) 2 units alternatively connected by a bridging nitrate and a benzenediacrylate anion. The Cd ion is thus chelated by two bipy ligands and one carboxylic group, and completes the coordination 
Primed atoms at x, 1 -y, 0.5 ? z sphere with nitrate oxygen (Fig. 6) . The bond length and angles are listed in Table 4 . The Cd-N bond distances in between 2.327(5) and 2.431(4) Å are slightly longer than those measured in 2, while the Cd-O(carboxylate) bond values of 2.425(5) and 2.488(6) Å are slightly longer compared to that of the nitrate, of 2.390(5) Å . These connections give rise to a polymeric species as depicted in Fig. 7 , where the metals are alternatively separated by 16.065(1) Å (through benzenediacrylate) and 6.660(1) Å (though nitrate). The intermetallic angle is of 85.79(1)°. In the crystal the bridging nitrate is located on a crystallographic two-fold axis comprising the N 3 -O 4 bond, while the aromatic ring of the organic anion is sitting on an inversion center, so that the benzenediacrylate adopts a transconformation with symmetric chelating behavior of carboxylate groups. The dihedral angle formed by the CH=CH-COO -groups with the phenyl ring is of 9.3°, indicating the presence of a p-p electronic conjugation in the BDAC moiety.
When viewed down axis c the crystal packing of compound 3 shows 1D channels occupied by uncoordinated nitrate anions and lattice water molecules (one of which disordered, Fig. 8 ) that connect the coordination chains through H-bonds to give rise to a 3D supramolecular network. The program Platon calculated a volume of 616.6 Å 3 (11.0 % of the unit cell) accessible to solvent molecules. 
Luminescence Study
The luminescence study of the ligands and related complexes were performed in solid state at room temperature. Free H 2 NIP ligand exhibits an intense emission maximum at 430 nm and a shoulder peak at 461 nm upon excitation with a wavelength of 280 nm (Fig. 9) . When complex 1 is excited at 295 nm, a strong emission band is observed at 465 nm (Fig. 10) , which is red shifted in comparison to its related ligand H 2 NIP. On the other hand, during the study of compound 2 with a k Ex of 280 nm an emission band at 420 nm is observed (Fig. 11) . Here the band is blue shifted with respect to the free ligand. The second ligand H 2 BDAC shows peaks at 406 and 427 nm, when excited with a wavelength of 280 nm (Fig. 12) . The related Cd(II) complex 3 under same excitation wavelength show red shifted emission band at 452 nm when excited at 243 nm (Fig. 13) . Since both Zn(II) and Cd(II) are d 10 systems, it is really difficult for these to undergo oxidation or reduction process. The spectral behavior of these complexes is neither due to metal-to-ligand nor ligand-to-metal charge transfer transition. Hence, metal perturbed intraligand pp* charge transfer transition is responsible for the emission behavior of the reported complexes. [33] .
Conclusion
In this work we report three polymeric networks obtained through hydrothermal reaction of zinc(II) and cadmium(II) ions with aromatic hetero N-/O-donor ligands. Structural study reveals that in case of Zn(bipy) and Cd(bipy) units with 5-nitro-isophthalate dianionsa 1D zig-zag polymeric arrangement and a linear double chain was obtained. On the other hand 1,4-benzenediacrylate and nitrate anions alternatively connect Cd(bipy) 2 fragments to form another zig-zag polymeric ribbon. p-p interactions among bipy rings and H-bonds are responsible of the supramolecular networks observed in each crystal. Solid state luminescence study of the complexes as well as of ligands are ascribed to intraligand p-p* CT transition. 
